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 Nowadays the buildings sector is one of the key sectors to achieve sustainability, with the 
correspondent consumers, in particular, the household consumers, having the need to 
perform sustainable choices every day, regarding the appliances to be acquired from the 
market. This is not only due to government’s growing concerns about sustainability but also 
with the consumers on having sustainable solutions, given the different economic, social 
(including their comfort) and environmental needs. However, the existence of several 
electrical appliances on market, with all their different issues, brands and models, together 
with the several tradeoffs referred before, difficult the consumer’s choices, on having 
sustainable solutions in the market. Therefore, this work, presents an approach, by using 
Multi-Attribute Value Theory (MAVT), integrated with metaheuristics, which uses 
Evolutionary Algorithms (EA) to provide suitable and sustainable market solutions to a 
consumer, according to its own needs. Based on the achieved solutions and considering the 
relative importance, given to each consumer, and regarding each dimension of 
sustainability, it’s possible to achieve several savings, namely electrical and water 
consumption, CO2 emissions, among others. A case study shall be shown, to demonstrate 
the applicability of the proposed approach. 
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1. Introduction 
 
This paper is an extension of work [1] originally presented in 
2019 International Young Engineers Forum (YEF-ECE), held in 
Nova University, Costa da Caparica, Lisbon,  Portugal. 
Sustainable measures are relevant to reach environmental and 
economic sustainability, particularly regarding the reduction of 
energy production dependency from fossil fuels, where buildings 
account for about 30–43 % of the final energy consumed [2-3].  
Based on [4], and from the percentage referred above, the 
household’s sector represents approximately 18 % of the final 
electric energy consumed in the world, which represents an 
important sector to be improved in terms of energy efficiency, and 
through the adoption of sustainable appliances. 
According to [5-7], there were some improvements regarding 
energy efficiency, and related to electrical appliances, by 
establishing reglementary labeling measures, to provide relevant 
information to the consumer.  
Some of these issues include energy consumption, machine’s 
noise, refrigerator capacity, water consumption, among others [7]. 
According to [7], such measures, have been arisen, not only in 
the European countries but as well as in other world regions, such 
as Africa, America and Asia. 
Although the importance of such measures to reach 
sustainability, there are too much options available in the market, 
which makes it difficult to know what’s the best solution to choose, 
in order to attend the consumer’s needs [6-7].  
The difficulty raises, when each appliance has its own set of 
features, which can be different according to the appliance’s brand 
and model to acquire [4-5].  
Considering the diversity of options from the market, and 
related to each energy service (e.g. lighting, air conditioners, 
refrigerators, etc.), the number of possible combinations could 
exponentially rise. 
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The use of optimization algorithms, to assist the consumer on 
its decisions, allows the achievement of efficient and even 
sustainable solutions, regarding the household appliances to 
acquire. 
However, and due the high combinatorial nature of the problem 
referred before,  the use of traditional optimization techniques, 
could present some disadvantages, regarding the efficiency on 
reaching a feasible solution, as well as with the number of potential 
and feasible solutions available to the consumer [8]. This could 
happen, since that some optimization techniques, based on 
gradient methods, could be stuck into to a local maxima or minima, 
limiting therefore, the exploitation of the entire feasible region [8-
9].  
An alternative way to surpass such disadvantages, could pass 
by using Evolutionary Algorithms (EA), given the widely use, 
reflected on the number of works from the literature, on  solving 
optimization problems in less time than other traditional 
optimization methods (e.g. [8-12]).  
Other approaches have been used by the authors, in order to 
develop an integrated approach that allows to achieve sustainable 
solutions. 
In [1][13-14] the authors have started to use a single objective 
approach to achieve efficient solutions from the market of 
household appliances. 
The successful contribution to the main goal of their research, have 
led them to adapt the first approach into a Multiobjective one, 
given the several dimensions of sustainability (referred before) to 
attend, and considering each household appliance, related to each 
energy service to be acquired, namely; Economic, Social and 
Environment. 
In order to consider other kind of consumer’s issues, such as its 
social preferences (e.g. reliability, design, performance, among 
others) we’ve applied multiple-attribute value theory (MAVT). 
This theory allows to model the consumer’s choices, as well as 
other preferences regarding the environment (e.g. CO2 savings, 
water savings, noise, among others) and the economic dimension 
(e.g. initial investment, noise, water consumption, among others) 
[15].    
All the dimensions referred above have some constraints, 
suitable to each case (e.g. number of building occupants, area of 
the room to be climatized, the type of division, among others), such 
as the ones related with human comfort (e.g. minimum illuminance 
to achieve visual comfort, noise, minimum air conditioner to 
achieve heating comfort), with economy (e.g. budget, water 
consumption), and environmental (e.g. water savings, CO2 
savings, among others). To maximize each dimension, modelled 
according to MAVT, it was used optimization techniques to get 
sustainable solutions from the market to the consumer, by acting 
on three dimensions (or objective functions) referred before.  
 According to [16], Evolutionary Algorithms (EA), have been 
applied with success, to solve many optimization problems within 
less time, when compared with other methods. However, such 
methods, uses too many control parameters, which makes them, 
quite sensitive to the input values, therefore, the need to adjust 
them [16-17], by preforming some robustness and sensitive tests. 
 The aim of this research, is to propose an approach, where 
MAVT is integrated with Non-Dominated Sorting Genetic 
Algorithm II (NSGAII) [18], based on genetic algorithms (GAs), 
in order to provide the consumer with sustainable solutions from 
the market, that not only attends it needs, but as well the tree 
dimensions referred before; Economic, Social and Environmental. 
To pursue this goal, we’ve tested, validated and presented in [1], a 
first approach, which has consisted  in one objective function 
regarding the economic dimension, where it was tried different 
problem formulations, to study their influence in terms of results. 
Based on the works presented on [1] we’ve selected the 
objective function with the best results and tested the entire 
model’s robustness, regarding the influence of GAs parameters. 
Some results are presented with this preliminary approach. 
The 2nd approach presented here, will integrate the 
developments achieved with the 1st one, into a Multiobjective 
model by using NSGAII optimization method, where not only 
economic dimension will be included, but also the environmental 
one as well. For this purpose, new attributes will be added to the 
model, regarding the environmental dimension, whose diversity 
and the correspondent units involved, will be integrated into a 
unique model by recurring to MAVT.  
Finally, it will be obtained a combined solution that attends the 
economic and environmental dimensions, in order to pursue the 
main goal referred before. A case study will be presented here, to 
illustrate the applicability of the method, by presenting an example 
of a set of a feasible and sustainable solutions, suitable to the 
consumer needs. 
 
2. Literature review 
Several methods such as scenario’s analysis (e.g. [19]), are 
frequently used to simulate a constrained set of solutions.  
However, some methods are essentially economical, by 
allowing the consumers to obtain highest values of energy savings, 
given the same value of investment (e.g. [17]). Other methods, 
existed on literature, allows to deal with different issues (e.g. 
savings with Greenhouse Gas (GHG) emissions, benefit-cost 
analysis, initial investment costs, among others). Such methods are 
mainly related to retrofitting measures (e.g. [20]), where some of 
them are even combined with technologies too (e.g. [21]). 
However, there is some limits with these approaches,  since 
they don’t consider other relevant factors, such as the environment, 
the labelling system and legal and social issues as well, to find 
suitable solutions, to fulfill the requirements of the occupants of 
the building. These methods also don’t consider the attributes, 
regarding each electrical appliance, which varies according to the 
number of building’s occupants. 
Recently, some works are based on multi-criteria decision-
making (MCDM) methods, in order to help a consumer to solve 
his problems regarding the measures of retrofitting with their own 
building’s, by accounting not only energy efficiency factors, but 
also assuring the  comfort of the building’s occupants  (e.g. [15]).  
Regarding other works from the literature, there is other 
MCDM models, based on MAVT approaches, allowing therefore, 
the integration of optimization with multicriteria methods, which 
allows the achievement of feasible solutions, selected based on a 
set of attributes, organized according to a set of criteria (e.g. [15]). 
However, these methods don’t account the different attributes, 
related to each electrical appliance existed on market and  adjusted 
to the individual needs of the occupants. 
The use of Metaheuristics to achieve from the energy 
problems’ solving, a set of feasible solutions (e.g.[8], by using 
particle swarm optimization, e.g. [11], by using genetic algorithms, 
among  others existed on literature), have been increased in the last 
years. However, none of these approaches, have been considered 
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into a combined method, that allows the consumer, to pick from 
the market, a set of sustainable appliances, based on its 
preferences. 
 
3. Objectives 
In order to fulfill the gap referred on literature review, the main 
objective of this research work is to present an approach to assist 
an household consumer, who wants to buy sustainable appliances, 
existed on market, for its home, that not only allows to fulfill its 
needs, but also allows to accomplish a set of requirements 
regarding sustainability, based on the three dimensions of 
sustainability referred before, namely, the Consumer’s economic 
well-being, social well-being and Consumer’s environment well-
being. 
Additionally, it will be presented two approach, which allows 
to obtain several and alternative solutions from the market, facing 
therefore, some contingencies that eventually may occur, namely 
the situations of “out of stock” for instance,  given an electrical 
appliance initially recommended by this method.   
The approach developed here, also considers economic, social 
and environment constraints, regarding each energy service 
considered in this work. 
 
4. Research Method 
4.1. Problem description and case study 
The problem presented in this work has considered a consumer, 
who is intended to acquire a set of household appliances, available 
on market.  
The pre-criteria, considered by the algorithm to pre-select a set 
of appliances existed on market  (Table 1), were instantiated 
according to the number of occupants, existed in the building. In 
this case study, it was considered a family (which includes the 
decision-agent) of 4 occupants. 
Table 1: Criteria used 
 
 
However, the values regarding each attribute, can be modified, 
based on the number of occupants, existed in the building.  
Thus, the appliances, was pre-selected from the market, by 
using the criteria presented on Table 1, in order to reduce the 
decision space, considering therefore, only the suitable solutions 
to the consumer needs. This was done, in order to increase EA’s 
efficiency, regarding both approaches, by achieving optimal 
solutions with less time. 
 
4.2. 1st Approach – Single objective model 
The 1st approach, proposed in this work, can be seen on 
Figure1, where each consumer’s option (xij), regards to an existent 
solution from the market, which can be defined as a choice i, 
belonged to a certain type of appliance (energy service) j,  to be 
acquired by the consumer. Considering the trade-offs referred 
before, together with the diversity of features, related to each 
solution, the consumer will deal with a problem of combinatorial 
nature, whose number of combinations are dependent on the 
number of options to be considered, regarding each dimension. 
The 20 million combinations (approximately) considered in this 
work, can be reduced, by considering that the consumer cannot 
perform any choices  (xij), given its limited budget.  
Furthermore, and based on Table 1, all the equipment’s, were 
pre-selected according to the number of occupants, in order to 
meet the consumer requirements (e.g. washing machine capacity, 
capacity of the fridge, etc.). Issues, such as air conditioner 
minimum capacity, minimum illuminance  among others, was 
also considered here and compiled in  a set of criteria (Figure1).  
Additionally, it was also considered the influence of the 
consumer usage profile, regarding each potential solution/option 
xij, based on the  assumptions presented on Table 2, for the case 
study considered.  
Such assumptions have included the number of hours that each 
household appliance will perform for each day, which was then 
extrapolated for a monthly and yearly basis.  
Table 2: Assumptions, according to consumer usage profile 
 
 
These parameters have some influence on consumption, 
regarding each household appliance. Therefore, their savings, was 
achieved through the comparison of each efficient solution with 
the correspondent standard one. The consumer can also define its 
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own profile of usage, according to its needs, or by using the profile, 
considered in this work, by default.  
Regarding each individual efficient solution ( )ijx , it was 
determined the correspondent savings, ( )
,i jcons ij
S x  and ( )
,i jinv ij
S x , 
respectively for the consumption and investment and regarding 
each option i, belonging to an appliance type j. Both savings, were 
obtained, based on the comparison between the efficient values of 
consumption and investment, and the correspondent standard 
solution (i.e. less efficient), regarding to an appliance/energy 
service type j. The value, resulted from this difference, was then 
discounted, according to the life cycle period (usage phase) 
considered, by applying a discount factor (Table 2). 
Based on the approach, shown on Figure1, the decision 
variables are: 
( )   ( )  : 1..7 1.. (1)ij ix j appliancetype i options n=  =  
With the objective to maximize ( )R ijV x , i.e.: 
 max ( ) : 0,1 (2)R ij R ijV x V x    
Based on work of [22], the value of 𝑉𝑅, can be achieved by: 
 
( )
( )
( )
( )
( )
( ) ( )
( )
( )
j
,,2
,2 ,
20
.( )
1
1
11 7 10
. 2 .2
2
1 3 12
. .
. . . . (3)
i ij
ij
ij i j iji
i i j
cons ij inv ef ijn
R i
i stdjinv ij
inv ef i cons ij inv ef ijcons i
i ij
i j iinv i total stdjinv ij
P x I x
V x
IP x
I x P x I xP x
x x
P x I IP x
=
= = =
 
 = +
 
 
  
 +   +
   
   

 
 
Given that only one option i, can be chosen, regarding each 
appliance, the correspondent constraints are:  
 
 
   
20
1 1 1 1 1
1
( ) : 1 , 1..20 0,1 (4)i i i i
i
R x x x i x
=
=    =  =
 
   
11
2 2 2 2 2
1
( ) : 1 , 1..11 0,1 (5)i i i i
i
R x x x i x
=
=    =  =
       
10
1
( ) : 1 3..7 0,1 , 1..10 , 3..7 (6)k ij ij ij
i
R x x k x i j
=
=  =  =  = =
 
The budget constraint, can be modeled by using the total 
investment (budget) and according to the following expression: 
( )
1 2
20 11 7 10
8 1 2
1 1 3 1
( ) : (7)
i i ijij total ij i ef i ef ij ef total
i i j i
R x I x x I x I x I I
= = = =
=  +  +    
 
 
On Figure2, it’s presented the EA’s individual framework.
 
 
Figure 1(a): 1st Approach  – Single objective approach 
x11 x21 x201 x12 x22 x102 x13 x23 x103 x14 x24 x104 x15 x25 x105 x16 x26 x106 x17 x27 x107
Lighting
Air
Conditionning
Clothes Dryer 
Machine Refrigerator Oven Dishwasher
Clothes Washing 
Machine
 
Figure 1(b): EA’s individual framework (single objective approach) 
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Table 3. Definition of the problem dimensions, according to each energy service considered and criteria used 
 
 
4.3. 2nd Approach – Multiobjective model involving 2 dimensions 
The 2nd Approach, was pretended to study the interaction between 
2 of the three existed dimensions, regarding sustainability, namely 
Economics vs Social Wellbeing and Economics vs Environment 
Wellbeing. To do this, it was  included the formulation presented 
and studied before, regarding economic wellbeing, and the two 
other dimensions, by recurring to Multiatribute Value Theory 
(MAVT). This was preformed, in order to convert the objective 
function (3) (Economic Wellbeing) into a correspondent one, 
without units involved, to be added further  into the other 
dimensions (Social and/or Environmental). After, the tests 
performed with multiobjective approach (2 dimensions), we have 
combined the three objective functions, regarding the three 
dimensions referred before, into one objective function, to 
achieve sustainable results, regarding the three dimensions. The 
assumptions presented before, were the same as well as the case 
study to apply the approach. 
The criteria adopted here, are also the same, although there is 
the possibility of being changed, based on the number of 
occupants, existed in the building. 
As it referred before, such pre-selection allows to reduction of 
the decision space, by considering only the available solutions, 
adjusted to the needs of the consumer. Such pre-selection, 
contributes also to rise the efficiency of NSGAII, by getting 
optimal solutions within less time. To pursue this, the proposed 
approach, has been developed by starting to consider at first  2 and 
then, the 3 dimensions of the problem. Both cases, are based on 
the  approach described on Figure 2.   
Each potential solution 
( )ijx , is regarded from an option i, 
which is correspondent to the energy service j to be bought by the 
consumer from the market. Like the first approach, the 
consumer’s consumption profile (Table 2), was considered, in 
order to preform Life Cycle Cost Assessment (LCCA) to achieve 
for each appliance, the corresponding savings, in terms of water 
consumption (
( )
,2 . i jH O Cons ij
S x
), energy consumption (
( )
,. i jE Cons ij
S x
)  
 
and initial investment (
( )
,i jinv ij
S x
). All these savings, have been 
obtained from the comparison between the more efficient solution 
and the  less efficient one ( “standard” solution). 
By considering several factors, regarding each appliance, as well 
as the consumer’s social, environmental and economic concerns, 
a set of criteria was established based on the consumer preferences,  
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Figure 2: 2nd Proposed approach – Multiobjective approach with MAVT 
2 2 2
2 2 2
21 22 2 21 22 2 21 22 2
2 2
21 22 2 21 22 2
21 22 2 21 22 2 21 22 2
( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( )
12 12 12 12 12 12 12 12 12 12
( ) ( )( ) ( ) ( ) ( )
22 22 22 22 22 22 22 22
. . ... ... ...
... ... ...
... ...
A B C
n n nA B C
n nA B
n n n
A B CA A B B C C
A BA A B B
AC A A A B B B C C C
X x x x x x x x x x
X x x x x x x x
2
21 22 2
2 2 2
21 22 2 21 22 2 21 22 2
( )( ) ( )
22 22
( ) ( ) ( )( ) ( ) ( ( ) ( ) ( )
102 102 102 102 102 102 102 102 102 102
...
... ... ... ... ... ... ... ... ... ... ... ...
... ... ...
nC
n n nA B C
CC C
A B CA A B B C C
x x
X x x x x x x x x x
 
a) 
2 2 2
2 2 2
21 22 2 21 22 2 21 22 2
21
21 22 2 21 22 2 21 22 2
( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( )
12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12
( )
22 22 22 22
. . ... ... ...
( ) ( ) ... ( ) ( ) ( ) ... ( ) ( ) ( ) ... ( )
( )
A B C
n n nA B C
n n n
A B CA A B B C C
A
AC A A A B B B C C C
X v x v x v x v x v x v x v x v x v x
X v x v
2 2 2
22 2 21 22 2 21 22 2
21 22
( ) ( ) ( )( ) ( ) ( ) ( ) ( )
22 22 22 22 22 22 22 22 22 22 22 22 22 22 22
(( ) ( )
102 102 102 102 102 102 102
( ) ... ( ) ( ) ( ) ... ( ) ( ) ( ) ... ( )
... ... ... ... ... ... ... ... ... ... ... ...
( ) ( ) ... (
n n nA B C
A B CA B B C C
A A
x v x v x v x v x v x v x v x
X v x v x v x
2 2 2
2 21 22 2 21 22 2
) ( ) ( )( ) ( ) ( ) ( )
102 102 102 102 102 102 102 102 102 102 102 102) ( ) ( ) ... ( ) ( ) ( ) ... ( )
n n nA B C
A B CB B B Cv x v x v x v x v x v x
 
b) 
Figure 3: Example of evaluation table regarding the Air Conditioning appliance’s type: (a) 𝑥
𝑗
(𝑔𝑗𝑡)
; (b) 𝑣𝑖𝑗 (𝑥𝑗
(𝑔𝑗𝑡)). 
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regarding each energy service, for the three problem dimensions, 
i.e., A-Economics, B-Social and C- Environment. 
Some of these attributes, are described on Table 3. Then, and 
based on such attributes, MAVT was used to assist the consumer, 
by evaluating a set of alternative solutions, obtaining therefore, a 
set of evaluation tables, each one regarding to an energy service. 
On Figure 3, it’s described an example, regarding a table, 
correspondent to the energy service “Air Conditioning”. 
Through the value attributes, obtained by using MAVT, it was 
used the additive model to aggregate all the evaluation tables. 
Such model has resulted into 3 different objective functions, 
regarding each one, to a sustainability’s dimension of the problem. 
The three objective functions considered above, were further 
optimized, by recurring to an optimization algorithm, based on 
NSGAII. 
As it referred on previous sections, the problem presented here, is 
from the type of combinatorial nature, whose number of 
combinations, is related to the dimension of the sample. In this 
work, it was considered 10 alternatives per energy service. 
However, the combinations’ number was reduced, since that, the 
consumer cannot make any choices, given its budget. 
Other constraints were also accounted in this work, namely the 
appliances noise maximal requirements and the air conditioner 
capacity. Thus, and after being applying MAVT, the problem 
stated in this work, can be modeled as follows:  
 
( )
 
max , / , ,
. / ( ) ( ), ( ), ( ) (8)
D
T
D A B C
V x c D A B C
s t x X c V x V x V x V x
=
 =
  
 
Where x, is the vector of decision, i.e.: 
 
 ( ) (B ) ( ): , , t,i, (9)jt jt jtA Cij ij ijx X x x x x j   
 
with, 
   
      
1,2,..,10 1,2,3,..,7
1,.., 1,.., 1,.., , , (10)
j j j j j jA B C A B C
i j
t n n n n n n
=  = 
 =    
 
 
The ( )AV x , ( )BV x  and ( )CV x , defines the objective functions, 
considering each problem dimension, i.e.: 
 
 ( ) ( )
1 1
( ) ( ) / , , ( ) , , t, (11)
gj j
jt jt
j
nn
g g
g j j j j j g
j t
V x v x w g A B C v x n n j
= =
= =   
 
 
Therefore, the objective functions are: 
 
( )
1 1
: max ( ) ( ) (12)
Aj j
jt
nn
A
A j j
j t
Economic Well being V x v x
= =
− = 
 
(B )
1 1
: max ( ) ( ) (13)
Bj j
jt
nn
B j j
j t
Social Well being V x v x
= =
− = 
 
 
(B )
1 1
: max ( ) ( ) (14)
Bj j
jt
nn
B j j
j t
Environment Well being V x v x
= =
− = 
 
The 1st objective function, were based on previous work [9].  
The following approaches (with 2 and 3 objectives) , uses the 
additive model based on MAVT, to obtain an unique objective 
function, based on the 2 and 3 objective functions (according to 
the approach used) pondered by the consumer’s concern (𝜔𝑔), i.e.: 
 
( )
( ) (B ) ( )
1 1 1 1
( ), ( ) . ( ) . ( ) . ( )
( ) ( ) ( ) (15)
A B Cj j j j
jt jt jt
A B A A B B C C
n n nn
A C
A j j B j j C j j
j t t t
V V x V x V x V x V x
v x v x v x
  
  
= = = =
= + + =
 
= + + 
 
 
   
  
The constraints, regarding economic and environment well-
being/dimensions, are: 
Available Budget ( .avail ): 
 
( ) ( )
dim dim
1 . .
1 1
: (16)jt
n n
A
j j avail j avail
j j
r I x x 
= =
   
 
With 
 
 j 14 26 35 44 54 64 75 dim, , , , , , , t, (17)tA A A A A A A A n j=    
 
Environment–Noise: 
 
( )
: . . (18)jt
B
j j j j jr Noise Max Noise x Max Noise    
With: 
 
 j 24 35 44 54 64 75 dim, , , , , , t, (19)tB B B B B B B n j=    
 
The NSGAII individual framework, presented on Figure 4, 
regards the approach for the 2 and 3 dimensions of sustainability 
presented next. For the approach with 2 dimensions, the structure 
is the same, although considering only 2 dimensions each. 
Instead of binary codification, regarding the 1st approach (one 
objective), NSGAII’s codification have used real one. The model, 
developed here, will be deployed, by using the case study referred 
before, on previous section. 
 
5. Results & Discussion 
5.1. 1st Approach – Single objective model 
Based on what was referred before, the 1st approach, has 
consisted into an  EA’s single objective approach, whose  
codification used, was binary, to ensure the existence of a unique 
individual solution at a time, and regarding appliance’s type.  
The approach presented here, was implemented by using 
MATLAB software, given its efficiency when dealing with data, 
which are organized into matrices. Our previous work ([1]) has 
allowed us to improve our EA’s behavior by testing different 
objective functions, as well as different parameters values. To 
assess the quality of EA’s solutions, it was used Simplex, which 
was implemented by using General Algebraic Modeling System 
(GAMS) software. 
The best formulation, achieved at the time from ([1]) , was the 
one presented on previous section. The results, presented next, 
were achieved, by using the following parameters: 
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Figure 4: Individual framework  (regarding the 2 and 3 objective approachs) 
• Population size: 130  
• Selection technique: roulette method 
• Crossover technique: double point 
• Crossover ratio: 0,55  
• Mutation technique: bit string  
• Mutation ratio: 0,02  
• Convergence ratio: 0,002  
• Maximum number of iterations/generations: without limits 
 
On previous work ([1]), it was assessed the best fitness function 
(and objective function), based on the average values of the 
correspondent (n)VR  objective, by preforming 12 runs/budget. 
 
Figure 5: Average values of Vr, considering each value of budget constraint 
scenario 
The EA’s behavior, regarding the exploitation of feasible 
region, was also exploited, by using budget scenario constraint (eq. 
(7)). Although SIMPLEX, provides the best values, GAs, can also 
provide good solutions, considering the proximity of both values, 
By considering the present objective function, EA was also more 
efficient  (on average) than other fitness functions assessed and 
studied on [1][14]. On Fig.5, it’s presented also the average values 
of Vr (objective/fitness function), regarding the present 
formulation and considering both methods; GAs and SIMPLEX.  
Although SIMPLEX, provides the best values, GAs, can also 
provide good solutions, considering the proximity of both values, 
regarding each budget constraint scenario.  
 
 
Figure 6: Example of fitness evolution from the best individual/generation 
(budget scenario of 1900 €) 
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 The performance of GAs is shown on Figure 6, considering a 
1900 € budget constraint scenario. On average, the steady state 
was achieved with 51 generations and considering 12 runs/budget 
constraint scenario.  
On Table 4, it’s described a feasible solution achieved with the 
approach described in this study, regarding a budget scenario 
constraint of 2700 Euros.  
It is also shown the CO2 avoided emissions (i.e. savings), 
regarding this solution, by comparing it with the less efficient.  
Furthermore, the consumer has the information about what brand 
and model, regarding each appliance type to be acquired, as well 
as other information, such as the life cycle of each equipement 
and the savings in terms of electrical energy consumption, by 
comparying an eficient appliance with a less eficient one.  
Table 4. Solution achieved by using EA’s approach 
 
According to Table 4, the consumer can benefit through the 
use of this method, since it can be saved, approximately 1726,1 € 
(2100,80 €-374,7 €) with the choices from Table4, among other 
savings such as CO2  emissions, and for a life cycle of 10 years. 
Given the stochasticity of the GAs, as a metaheuristic method, 
it was made a statistical study to evaluate the consistency of the 
model, which was developed on previous works [1][13]. 
 
5.2. 2nd Approach – Multiobjective model 
In order to achieve sustainable solutions, and based on Section 
4.3, a Multiobjective method, based on NSGAII (Non-Sorting 
Genetic Algorithm II) ([18]), was coded on Matlab, by accounting 
the NSGAII’s parameters, regarding each NSGAII’s phase, 
namely; selection (roulette), crossover (double point) and 
mutation  (normal random). The other parameters  (crossover, 
mutation rate and initial population)  were established after 
several simulations. Parameters such as the crossover rate, the 
mutation rate and the population size (120 individuals), were also 
experimented. With regards to the stopping criteria, it was chosen 
a parameter value of 80, as being the maximum number of 
iterations/generations allowed. It was considered several 
arrangements of crossover and mutation rates of NSGA-II, to 
obtain a suitable arrangement ( Table 5). 
 
Table 5. Values, regarding the arrangements of crossover and mutation rates 
 
It can be seen on Figure 7, that a reduced change on these 
parameters, has a negligible  effect in the achieved results. 
Therefore, it was used the following NSGAII’s parameters: 
population size of 120 individuals, a maximum number of  80 
iterations, a mutation rate of 0,15 and a crossover rate of 0,75. 
In the Figure 7, it’s shown the pareto frontier, for different 
arrangements of crossover and mutation rates. 
 
Figure 7. Pareto frontier for different values of crossover and mutation rates 
 
After the tuning with NSGAII’s parameters, the Pareto frontier in 
Figure 9, was therefore achieved, with each one of the 16 nodes, 
representing an optimal solution of the problem. In other words, 
each node represents a set of individual solutions (appliances 
from the market), related each one, to an energy service. 
 
 
Figure 8. Pareto frontier (last generation) Economical vs Environmental 
(ωA = 0,73, ωB = 0,00, ωC = 0,27) 
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Such calculations were performed, by considering a scenario 
where the consumer only considers the Economic and 
Environment concerns, i.e., ωA = 0,73, ωB = 0,00 and ωC = 0,27 
(Figure 10). 
The trade-off, existed between the two dimensions, can also be 
noted through Figure 8, since the reduction on economic well-
being, leads to an increase of the environment well-being. 
Table 6, shows the results from one of the nodes achieved here, 
by assuming a budget constraint value of 2250 €. 
 
Table 6. Solution achieved: Economical vs Environmental  
(ωA = 0,73, ωB = 0,00, ωC = 0,27) 
 
 
 
Through the values, presented above, we can see that if the 
consumer, choses the optimal solutions provided by NSGAII, he 
can save 1737,54 € approximately, having also CO2 and water 
savings. Both values are per year, for a life cycle of 10 years.  
The same, were performed, by considering a scenario where 
the consumer only considers the Economic and Social concerns, 
i.e., ωA = 0,73, ωB = 0,27 and ωC = 0,00 (Figure 9). 
 
 
 
Figure 9. Pareto frontier regarding the last generation; Economical vs Social 
(ωA = 0,73, ωB = 0,27, ωC = 0,00) 
 
Through the last iteration/generation, it was obtained sixteen 
feasible solutions, achieving therefore,  an example of a Pareto 
frontier. One of the nodes achieved with this scenario, is shown 
on Table 7, by considering a budget of 2250 € and a life cycle of 
10 years. 
Table 7. Solution achieved: Economical vs Social  
(ωA = 0,73, ωB = 0,27, ωC = 0,00) 
 
 
 
According to the values on Table 7, the consumer can save up 
to 1738.06 €, through the selection of the appliances mentioned 
above. Additionally, there also savings with CO2 and water as 
well, with both values being expressed as savings/years and based 
on the life cycle considered here.  
Based on both trade-offs, presented above, it was considered 
a scenario with the tree dimensions and their correspondent 
consumer’s relative importance, i.e., Economical vs Social vs 
Environmental (ωA = 0,66, ωB = 0,23 and ωC = 0,11). 
 In order to pursue the main goal, referred before, it was 
performed a scenario where the consumer considers the 3 
dimensions of sustainability, i.e., Economic, Social and 
Environment concerns, i.e.; ωA = 0,66, ωB = 0,23 and ωC = 0,11 
(Figure 10). 
 
 
Figure 10. Pareto frontier regarding the last generation; Economical vs 
Social vs Environment (ωA = 0,66, ωB = 0,23, ωC = 0,11) 
R. Santos et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 2, 399-410 (2020) 
www.astesj.com     409 
Through Figure10, it can  be seen that the crowding distance, 
between the final solutions obtained, regarding the obtained 
Pareto surface, is higher in the region where the Economic 
dimension is more dominant. Such dominance order is followed 
by the Social, and at last, the Environmental dimension. Such 
dominance order, is somehow expected, given the relative 
importance’s values (weight) considered in this case, and 
regarding each dimension considered, i.e.; ωA = 0,66, ωB = 0,23 
and ωC = 0,11. 
One of the nodes, represented on that surface, are shown on Table 
8, considering a budget of 2250 €, for 10 years of life cycle. 
 
Table 8. Example of a solution obtained from this approach. Economical vs 
Social vs Environmental (ωA = 0,66, ωB = 0,23, ωC = 0,11) 
 
 
 
According to Table 8, the consumer, can save up to 1849,65 
€, avoiding approximately 1460,22 kg of CO2 and saving 745,10 
liters of water, with both values expressed as savings/years, and 
based on 10 years as the life cycle considered in this study.  
Through the performance of such scenarios, we can see some 
coherence with the application of ωA , ωB  and ωC. 
An example is the water savings achieved, where it is more 
noticed when the correspondent Environment weight (ωC), is 
increased. 
 
6. Conclusions  & Further Work 
This paper follows a research line, where the main goal is to 
present a method to provide sustainable electrical household 
appliances from the market to a household consumer. On previous 
work, and at a first stage, it was formulated a single objective 
problem, although considering only the environmental impacts 
(CO2 savings) and the economic savings, each one, related to the 
initial investment and energy consumption. Both indicators, were 
calculated, by preforming the correspondent lifecycle cost 
assessment (LCCA) of each household appliance, and during the 
correspondent  usage phase.  
It was also used Genetic Algorithms (GAs) to achieve several 
and different feasible solutions, whose quality were tested through 
the comparison with the results achieved from simplex method. 
Then, the approach was formulated by considering a 
multiobjective problem, although by exploring 2 dimensions at a 
time, and by recurring to MAVT and NSGA II methods 
This approach has used a set of established criteria, in order to 
perform a pre-selection of candidate solutions existed on market, 
and suitable to  the consumer needs. The purpose was to redefine 
the decision space, composed by a set of candidate solutions, and 
based on each type of household appliance considered to be 
acquired by the consumer.  
Furthermore, it was adopted additional criteria, to be further 
integrated with MAVT, in order to achieve a model with the 
consumer preferences and based on the 3 problem dimensions 
presented.  
The objective was to improve the consumer well-being, 
regarding each sustainability’s dimension referred above, and 
based on their importance, given by the consumer. 
When achieving the MAVT model, it was also included the 
ecological impact in terms of water and CO2 savings, as well as 
economic issues, such as energy consumption and initial 
investment savings, based on the lifecycle cost assessment 
(LCCA) of each household appliance. Social issues were also 
included, by integrating the consumer’s preferences in terms of 
design, reliability and other issues, including even the visual and 
thermal comfort. Then NSGAII was applied, by achieving 
sustainable solutions from the market, that maximizes the tree 
dimensions referred before. 
The approach presented here, also allows a consumer, to 
achieve a set of savings regarding issues such as; CO2 emissions, 
energy  and water consumption. 
As further work, this approach could be applied into other 
energy services/household appliances, for instance, with a 
relevant impact in terms of sustainable development (e.g. 
information technology’s equipment’s such as computers, 
printers, among others). 
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